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TITLE OF THE INVENTION 

Equilibration of Siloxanes 
RELATED APPLICATIONS 
This application claims priority to German application Serial No. 10 301 355.5, filed January 16, 
2003, herein incorporated by reference. 

BACKGROUND OF THE APPLICATION 

Field of the Related Art 

The invention relates to a process for the preparation of equilibration products of organosiloxanes 
by rearrangement of the siloxane bond to a cation exchange resin, the organopolysiloxanes thus 
obtainable and the use thereof 

5 Description of the Invention 

Equilibrations of siloxanes on ion exchange resins are part of the prior art. Among the multiplicity 
of known systems, the Amberlyst ion exchanger (in particular Amberlyst® 15) is a frequently 
used catalytic phase. 

1 0 Thus, DE-A-2 1 52 270, which is hereby fully incorporated by reference with regard to the present 
invention, describes a process for the preparation of equilibration products of organosiloxanes by 
rearrangement of the siloxane bond on a cation exchange resin, organosiloxane used as starting 
material or an organosiloxane mixture being allowed to flow at a temperature of about 10°C to 
about 100°C through a packing which contains, as cation exchange resin, a macrocrossl inked 

1 5 cation exchange resin containing sulfo groups and having an average pore volume of at least 
about 0.01 cm 3 , and the organosiloxanes which have flowed out being isolated. 

In addition to the preparation of nonfunctional polydimethylsiloxanes, the possibility for the 
preparation of copolymeric dimethylsiloxane/poly(methyl)hydrogensiloxanes by equilibration of 
20 a mixture consisting of methylhydrogenpolysiloxane, hexamethyldisiloxane and siloxane cycles 
on the macrocrosslinked ion exchange phase Amberlyst® 1 5 is described therein. 

Copolymeric dimethylsiloxane/poly(methyl)hydrogensiloxanes are, inter alia, valuable starting 
materials in the preparation of PU stabilizers, in particular for hot flexible foam systems. On the 
25 basis of the teaching of DE-A-2 1 52 270, an attempt was made to prepare a proven stabilizer 
system by first bringing a mixture consisting of hexamethyldisiloxane, 
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poly(methyl)hydrogensiloxane and siloxane cycles under the action of Amberlyst® 15 as an 
acidic catalyst at 95°C into equilibration equilibrium, then subjecting it to a rearrangement 
reaction with a mixture of allylpolyethers with linkage of SiC bonds to the siloxane backbones 
under the catalytic action of a platinum metal complex. 

5 

However, the polyethersiloxane obtained thereby was in the form of a turbid liquid whose 
stabilizing activity in the foaming of flexible foam systems is limited in such a way that collapse 
results when they are used as a stabilizer. 

10 OBJECT OF THE INVENTION 

An object to be achieved consisted in finding a system which permits the equilibration of 
siloxanes carrying SiH groups, so that these disadvantages along the further processing route are 
avoided. These and other objects are apparent from the following Description of the Invention. 

15 DESCRIPTION OF THE INVENTION 

This invention provides for, inter alia, a process for the preparation of equilibration 
products of organosiloxanes by rearrangement of the siloxane bond, said process 
comprising reacting at least two organosiloxanes in the presence of a macrocrosslinked 
cation exchange resin containing sulfonic acid groups at a temperature of about 10°C to 
2 0 about 120°C, optionally in the presence of a solvent, and isolating the equilibrated 
organosiloxanes, wherein said macrocrosslinked cationic exchange resin has a P value 
P > 2.2 x 10" 3 m 3 /kg and A value > 35m 2 , where P is the product of the specific surface 
area and the mean pore diameter of said macrocrosslinked resin and A is the specific 
surface area of said macrocrosslinked exchange resin. 

25 

Surprisingly, it was found that, for example, Lewatit® K 2621, as an ion exchange resin having 
sulfonic acid groups, enable the equilibration equilibrium to be established sufficiently rapidly and 
that the hydrogensiloxanes thus obtained are excellent starting materials for the preparation of 
flexible polyurethane foam stabilizers. 

30 

This finding is surprising for a person of ordinary skill in the art since this polymeric resin, as 
macroporous sulfonated polystyrene, has a chemical parent structure which is identical to that of 
Amberlyst® 1 5 and moreover also exhibits similar macroscopic properties, as shown in Table I: 
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Table I: 



Ion exchange resin 


Surface area A (m 2 /g) 


Mean pore diameter (nm) 


P(10-W/kg) 


Amberlyst® 15 


45 


25 


1,125 


Lewatit®K2621 


40 


65 


2,600 



5 

In the process in a preferred embodiment, low molecular weight, in particular linear 
organopolysiloxanes are depolymerized and equilibrated. In particular, an organosiloxane which 
is present in the equilibrium of the chemical compounds is isolated. In particular, an 
1 0 organosiloxane whose viscosity is up to about 10 000 cP is used as starting material. Especially 
preferred are organopolysiloxanes that are low moleculart weight organopolysiloxanes, such as 
those, for example, that contain from 3 to 200 silicon atoms. 

In a further embodiment, a cation exchange resin whose mean pore diameter is at least about 65 
15 nm and whose average specific surface area is about 30 to 50 m 2 /g is used. 

The rearrangement is preferably carried out at a temperature of about 35°C to about 100°C. 

According to the invention, the process in a further embodiment is carried out continuously; a 
2 0 fraction having the desired boiling range is separated from the outflowing organosiloxane mixture, 
and the fraction having the undesired boiling range is recycled into the feed comprising 
organosiloxanes. 

In particular, a mixture of hexamethyldisiloxane, poly(methyl)hydrogensiloxane and siloxane 
2 5 cycles is used as starting material. 

A further embodiment is the use of organosiloxanes for the linkage of SiC bonds, a mixture of 
these organosiloxanes and allylpolyethers being brought into contact with a platinum metal 
complex and the polysiloxane obtained being used as a flexible polyurethane foam stabilizer. 

30 
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With the aid of the present invention, it is possible to prepare statistically uniformly composed 
organohydrogensiloxanes having a defined equilibrium of linear and cyclic compounds by 
equilibration of a mixture of methylhydrogenpolysiloxane and cyclic or linear, optionally 
hydrogen-functional ized polysiloxanes using a defined macrocrosslinked cation exchange resin 
5 containing sulfonic acid groups. With regard to these and further definitions, reference is made 
expressly to DE-A-21 52270. 

It should be stated that all flexible foam stabilizers (polyethersiloxanes) which were prepared on 
the basis of Amberlyst® 15, Purolite® CT 169 D (surface area 35 to 50 m 2 /g, mean pore 

1 0 diameter 24.0 to 42.5 nm) or Purolite® CT 165 (surface area 2.5 m 2 /g, mean pore diameter > 100) 
as an ion exchange system are turbid liquids which lead to collapse of the PU foam. Important 
parameters for the description of the catalyst phases to be used according to the invention are 
therefore the specific surface area and the porosity, i.e. the mean pore diameter. If a product of the 
two variables is calculated, it has the character of an inverse density (volume : mass) and permits a 

1 5 clear differentiation between the ion exchanger capable of functioning and ion exchangers not to 
be used according to the invention. 

For the ion exchanger Lewatit®. K 262 1 used by way of example, the consideration is as follows: 
2 0 40 m 2 /g x 65 nm = 2 600 m 2 nm/g = 2 .6 x 1 0 3 m 3 /kg. 
Examples 

The advantage of the present invention is to be demonstrated on the basis of the following non- 
limiting examples. 

25 

Working examples: 

Preparation of the ion exchange resin containing sulfonic acid groups and used in the example 
according to the invention and in the example not according to the invention 

30 

Lewatit® K-2621 in the commercial form having a high water content was placed in open 
evaporation dishes for a period of 1 8 hours in a drying oven heated to 60°C and then transferred in 
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the still warm state in the absence of moisture to vessels having an inert atmosphere and was 
stored. 

Amberlyst® 1 5 was used directly in the commercial form containing 5% of water. 

5 

Example 1 : 

Preparation of a hydrogensiloxane (example according to the invention) 

10 A mixture consisting of 223.0 g of decamethylcyclopentasiloxane (D 5 ), 20.2 g of 
poly(methyl)hydrogensiloxane PTF1 (SiH content: 15.75 eq/kg) and 6.9 g of 
hexamethyldisiloxane HMDS (61.5 mol of D 5 : 0.135 mol of PTF1 : 0.865 mol of 
HMDS) was mixed with 3 mol% of predried ion exchange resin Lewatit® K-2621 and 
equilibrated for 6 hours at 95°C with continuous stirring and, after cooling of the 

15 reaction mixture, the ion exchange resin was separated by filtration. The content of 
active SiH was determined with the aid of gas volumetry (decomposition of a weighed 
siloxane sample with the aid of a sodium butylate solution) as 1.26 eq/kg. The viscosity 
of the hydrogensiloxane was 86.4 mPa.s (25°C). 

2 0 29 Si-NMR spectroscopy assigned to the hydrogensiloxane obtained according to the 
invention an average structure which could be represented by the following formula: 

(CH3)SiO-[(CH3)2SiO-] 61 ,5[CH3)HSiO-]6,5Si(CH 3 )3 

2 5 Comparative example 1 : 

Preparation of a hydrogen siloxane 

A mixture consisting of 223.0 g of decamethylcyclopentasiloxane (D5), 20.2 g of 

3 0 poly(methyl)hydrogensiloxane PTF1 (SiH content: 15.75 eq/kg) and 6.9 g of 

hexamethyldisiloxane HMDS (61.5 mol of D 5 : 0.135 mol of PTF1 : 0.865 mol of 
HMDS) was mixed with 3 mol% of ion exchange resin Amberlyst® 15 and equilibrated 
for 6 hours at 95°C with continuous stirring and, after cooling of the reaction mixture, 
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the ion exchange resin was separated by filtration. The content of active SiH was 
determined with the aid of gas volumetry as 1.26 eq/kg. The viscosity of the 
hydrogensiloxane was 80.3 mPa.s (25°C). 

29 Si-NMR spectroscopy assigned to the hydrogensiloxane obtained in this manner the 
following average structure: 

(CH3)SiO-[(CH 3 )2SiO-] 61 ,5[CH3)HSiO-] 6 ,5Si(CH3)3 
Example 2: 

(Further processing of the hydrogensiloxane obtained in example 1 to give a 
polysiloxane/polyoxyalkylene block copolymer) 

259.2 g (0. 1 85 mol) of a polyether of the average formula 

ch 2 =ch<:h 2 o-(C2H4(>)5(C3H 6 o-) 21 ch 3 , 

86.4 g (0.062 mol) of a polyether of the average formula 

ch 2 =ch<:h2Ckc2H40-)26(C3H 6 o-)4CH3, 

234.5 g (0.061 mol) of a polyether of the average formula 

CH 2 =CH-CH 2 0-(C2H40-)45(C3H 6 a) 3 4CH 3 , 

1 56.4 g (0.04 1 mol) of a polyether of the average formula 

CH2<:H-CH2CKC2H40)36(C3H60-)38H and 

37.0 g (0.061 mol) of a polyether of the average formula 

CH2=CH-CH 2 CKC2H4<>)i4CH3 

6 00167802 
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were initially introduced together with 15.4 mg of cis^NFb^PtCb into a flask provided with a 
dropping funnel, stirrer, thermometer, gas inlet and reflux condenser. The apparatus was 
blanketed by means of a gentle nitrogen stream. After heating to 120°Q 240 g (= 0.301 mol of 
5 SiH) of the hydrogensiloxane from example 1 was added dropwise in the course of 30 minutes. 
The reaction mixture was allowed to continue reacting for 3 hours, and a quantitative SiH 
conversion (determined by gas volumetry by reaction with sodium butylate solution) was 
achieved. After filtration over a Seitz-K-300 filter disk, a clear, slightly yellowish product was 
obtained. 

10 

Comparative example 2: 

(Further processing of the hydrogensiloxane obtained in comparative example 1 to give 
a polysiloxane (polyoxyalkylene block copolymer) 

15 

Analogously to example 2, 259.2 g (0. 1 85 mol) of a polyether of the average formula 
CH2=CH-CH 2 CKC2H40-)5(C3H60)2iCH3, 

2 0 86.4 g (0.062 mol) of a polyether of the average formula 

^^H-c^cKQi^aMCs^o-)^, 

234.5 g (0.061 mol) of a polyether of the average formula 

25 

CH2=CH<:H2CKC 2 H40-)45(C3H6a)34CH3 5 

1 56.4 g (0.04 1 mol) of a polyether of the average formula 

3 0 CH2=CH-CH 2 O(C2H4(>)36(C3H60-)38H and 

37.0 g (0.061 mol) of a polyether of the average formula 
CH2=CH<:H 2 CHC2H4a),4CH3 
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were initially introduced together with 15.4 mg of cis-CNI-b^PtCh into a flask provided with a 
dropping funnel, stirrer, thermometer, gas inlet an reflux condenser. The apparatus was blanketed 
by a gentle nitrogen stream. After heating to 120°C, 240 g (=0.301 mol of SiH) of the 
5 hydrogensiloxane not according to the invention and from comparative example 1 were added 
dropwise in the course of 30 minutes. The reaction mixture was allowed to continue reacting for 3 
hours, and a quantitative SiH conversion (determined by gas volumetry by reaction with sodium 
butylate solution) was achieved. In spite of -the quantitative SiH conversion, -the 
polysiloxane/polyether copolymer obtained was a turbid opaque, slightly yellowish liquid which 
1 0 did not become clear even after filtration over a Seitz-K-300 filter disk. 

Example 3/Comparative example 3: 

The testing of the performance characteristics of the foam stabilizers prepared was carried out 
1 5 using a foam formulation in the following maimer: 

In each case 300 parts of a commercial polyether for the preparation of flexible 
polyurethane foams, which had three hydroxyl groups in the average molecule and had 
a molecular weight of 3 500, were mixed with 15 parts of water, 15 parts of a physical 
2 0 blowing agent, the corresponding amount of foam stabilizer to -be tested, according to 
example 2 according to the invention or comparative example 2, 0.33 part of 
diethylenetriamine and 0.69 part of tin octanoate, with thorough stirring. After addition 
-of 189 parts of toluene diisocyanate (isomer mixture of 2,4 and 2,6 in the ratio of 4 : 1), 
stirring was effected for 7 seconds at 2 500 rpm using a Glatt stirrer, and the mixture 

2 5 was poured into a box open at -the top. A fine-pored foam which was characterized by 

the following parameters formed: 

1 . The sag of the foam at the end of the rise phase (denoted by "Sag" in table II). 

3 0 2. The number of cells per centimeter of foam, which was determined by microscopy. 

Table II compares the measured values for 2 different concentrations (1 .8 parts/1 .5 parts) of the 
stabilizer obtained by the process according to the invention (example 2) and of the stabilizer not 
prepared according to the invention (product of comparative example 2). 
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Table 0: 



Example 


Sag 


Cells per centimeter 


Example 3 


07/1.4 


15 


Comparative example 3 


collapse 


n.d. 



The above description is intended to be illustrative and not limiting. Various changes or 
modifications in the embodiments described herein may occur to those skilled in the art. 
These can be made without departing from the scope and spirit of the invention. 



9 



00167802 



